We studied 11 cases of nodal cytotoxic T-cell lymphoma, which express the CD8؉ phenotype and cytotoxic molecules (T-cell intracellular antigen-1, granzyme B and perforin), to characterize the clinicopathologic spectrum of these neoplasms. The 11 cases consisted of four men and seven women, aged 5 to 82 years (mean, 53 years). All cases were nodal, and eight of 11 had extranodal involvement, the most common being in bone marrow (eight cases) and liver (six cases). The expression of these cytotoxic molecules has been reported in some T/natural killer cell lymphomas mostly involved in extranodal sites of skin, nasopharyngeal region, or gastrointestinal tracts, but these types of extranodal involvement were rare in our cases. Morphologically these lymphomas could be divided into two groups. One group (n ‫؍‬ 6) showed a diffuse large cell type and massive necrosis or apoptosis that was accompanied by disseminated intravascular coagulation (DIC) or hemophagocytic syndrome (HPS) on the initial. The prognosis of this group was generally poor (survival ‫؍‬ 1-19 months, median ‫؍‬ 5 mo), and four of these six cases were fulminant. The other group (n ‫؍‬ 5) showed a diffuse medium or mixed cell type, and the prognosis was not so poor (median survival ‫؍‬ 17 mo). Our results suggest that these nodal cytotoxic T-cell lymphomas originated from activated cytotoxic T-cells and were highly accompanied with DIC or HPS.
Cytotoxic cell-associated molecules, T-cell intracellular antigen-1 (TIA-1), granzymes, and perforin, are primarily expressed on natural killer (NK) cells or cytotoxic T-cells (1) (2) (3) (4) . The expression of these molecules has been reported in T-or NK cell neoplasms (5, 6) , large granular lymphocytic leukemia (7, 8) , NK-cell leukemia/lymphoma (9 -13), hepatosplenic ␥␦ T-cell lymphoma (14, 15) , subcutaneous panniculitic T-cell lymphoma (16, 17) , enteropathytype intestinal T-cell lymphoma (5, 14) , and anaplastic large cell lymphoma (ALCL) (18, 19) . Each of these leukemia/lymphomas except for ALCL occurred in extranodal sites, such as liver, skin, nasopharyngeal region, and gastrointestinal tract.
Cytotoxic T-or NK cells play a defensive role against neoplasms and viral infections (20, 21) . Cytotoxic cells induce lysis of target cells with two mechanisms: granule exocytosis and the Fas-Fas ligand pathway (20 -23) . Cytotoxic cell-associated molecules, TIA-1, granzymes, and perforin, play roles in the former mechanism (1, 4, 22, 24) . Perforin forms pores on the target cell membrane and induces necrosis similar to that induced by complement C9 (3, 4) . TIA-1 (24) and granzymes (22) move to the cytoplasm through the perforinformed pore and activate apoptosis-associated proteins (25, 26) . Although perforin and granzymes are expressed in cytotoxic cells only when these cells are activated (27) and are associated with the induction of cytolytic activity (28 -30) , TIA-1 is expressed in cytotoxic cells, regardless of their activation status, and in myeloid cells (1, 24, 31) .
Cytotoxic lymphocytes include three cell types: CD8ϩ cytotoxic T-cells, NK cells, and CD4ϩ cytotoxic T-cells (27, 32) . Most peripheral T-cell lymphomas (PTCLs) previously reported have a CD4ϩ phenotype, frequently involve extranodal sites, and rarely have a CD8ϩ phenotype (33) . In this study, we examined the histopathological and clinical features of 11 cases of nodal CD8ϩ PTCLs that strongly express cytotoxic molecules.
MATERIALS AND METHODS

Patients
We studied 155 T-cell lymphoid malignancy patients at the Division of Hematology, University of Tsukuba, and the First Department of Pathology, Nagoya University School of Medicine, during the period 1993-2000.
Paraffin Tissues
Lymph node samples were fixed in a 10% formaldehyde solution and embedded in paraffin. Sections were cut 2 to 4 m thick and were stained with hematoxylin and eosin. An avidin-biotinperoxidase complex (Nichirei, Tokyo, Japan) method was used along with the following antibodies: polyclonal CD3, CD8 and CD30 (BerH2) (DAKO, Copenhagen, Denmark); CD4 (Novocastra Laboratories, Newcastle, England); CD43 (Bioscience Products, Emmerbruecke, Switzerland); CD15 (LeuM1, Becton-Dickinson, San Jose, CA, USA); CD45RO (UCHL-1; Nichirei, Tokyo, Japan); TIA-1 (Coulter, Miami, FL, USA) granzyme B (Monozan, Ueden, Netherlands); and ␤F1 (T-cell Sciences, Cambridge, MA). For the ␤F1antibody, proteinase K (Sigma, St. Louis, MO), digestion was used for antigen retrieval.
Frozen Tissue
Fresh tissue specimens were fixed in a periodatelysine-paraformaldehyde fixative, frozen, and cut with a cryostat to a thickness of 6 to 8 m. Sections were then fixed with acetone for 10 minutes and stained by the avidin-biotin-peroxidase complex method with the following primary antibodies: anti-Leu1 (CD5), Leu2 (CD8), Leu3 (CD4), Leu4 (CD3), Leu9 (CD7), and Leu19 (CD56) (Becton Dickinson, San Jose, CA); anti-␤F1, TCR␦ 1, and perforin (T-cell Diagnostics, Cambridge, MA).
In Situ Hybridization (ISH) Analysis
After deparaffinization and digestion with proteinase K, the tissue sections were hybridized with fluorescein-conjugated oligonucleotide probes for Epstein-Barr virus (EBV) encoded RNA (EBER) (EBV probe ISH kit, Novocastra). Stringently washed sections were reacted with anti-fluorescein antibody and visualized with 5-bromo-4-chloroindolylphosphatase and nitroblue tetrazolium salt. Details of this ISH procedure are described elsewhere (34) .
ELISA of IFN-␥ and TNF-␣
Serum levels of cytokines, IFN-␥ and TNF-␣, were measured by an enzyme-linked immunosorbent assay (ELISA) using ELISA tests (Bender Medsystems, Vienna, Austria). Details of the assays are described elsewhere (35) .
RESULTS
Clinical Features
Among the 155 T-cell lymphomas that we examined, we found 11 cases of nodal CD8ϩ PTCLs that strongly express cytotoxic molecules. We examined the clinical and histopathological features of these 11 cases. These cases consisted of four male and seven female patients ranging in age from 5 to 82 years (median age, 53 years). Table 1 shows the clinical and morphological findings of these lymphoma patients. All 11 cases had nodal involvement. Eight patients had extranodal involvement (bone marrow, eight patients; liver, six; skin, two; lung, two; central nervous system (CNS), two; gastrointestinal tracts, one). The 11 nodal cytotoxic lymphomas were divided into two groups based on their cell morphology. One group is a large cell type and the other group is a medium or mixed cell type. In the large cell type group, five of six patients (Cases 2, 3, 4, 5, and 6) had hemophagocytic syndrome (HPS) and four of these cases had dissemi- nated intravascular coagulation (DIC) in their initial courses. Table 2 shows the treatment and outcome of these patients. The clinical course of four patients (Cases 1, 2, 6, and 7) was fulminant because of their DIC, HPS, or HUS. Because the performance status of these four patients was severe, they could not be given conventional chemotherapy. Patient 4 achieved a complete remission (CR) with intensive chemotherapy, but he died of sepsis in the neutropenic period after high-dose chemotherapy and auto-peripheral blood stem cell transplantation. Patient 5 was refractory to the conventional chemotherapy, and she also died of sepsis in the neutropenic period after intensive chemotherapy. Compared with the large cell type group, lymphomas of the medium or mixed cell type group were sensitive to conventional chemotherapy, and overall survival (17 mo) was longer. DIC and HPS were observed when their lymphomas showed relapse or regrowth (Cases 8, 9, 11) ( Fig. 1 ).
Morphological Findings
All 11 cases were categorized "PTCL, unspecified" according to the REAL classification. Six cases were diagnosed as diffuse, large cell type, three as diffuse, mixed cell type and two as diffuse, mediumsized cell type with provisional entity. Of the six cases diagnosed as diffuse, large cell type, four cases were accompanied by massive necrosis or apoptosis and in two of four cases the neoplastic cells were scattered in the phagocytizing macrophages or necrotic tissue (Fig. 2, A-B) . The neoplastic cells of diffuse, large cell type occasionally had a round or ovoid nucleus but most of them had nuclear irregularities, with marked convolution or with a slender, elongated nuclear shape. The nuclear chromatin in the neoplastic cells was densely stained. The nucleolus was not conspicuous.
The proliferating cells of the diffuse, mediumsized type consisted of round medium sized cells with small cleaved-like nuclei. The neoplastic cells had densely stained nuclear chromatin (Fig.  3) . These small cleaved-like cells were characteristic in our nodal cytotoxic T-cell lymphomas. In lymphomas of the diffuse, large cell type, large cells with a round or ovoid nucleus were predominant, but there were scattered proliferations of small cleaved-like cells (Fig. 2C) . Although necrosis and apoptosis were often conspicuous in lymphomas of the diffuse, large cell type, these were not prominent in lymphomas of diffuse, mediumsized cell type. The neoplastic cells of the diffuse, mixed cell type consisted of both large and medium-sized cells (Fig. 4) . In one case of the diffuse, mixed cell type, widespread necrosis and apoptosis were observed. Table 3 summarizes the immunohistochemical findings of these cases. All of the CD8ϩ PTCLs were positive for CD3 and CD8, but other pan-T COP, cyclophosphamide (CPA) ϩ vincristin (VCR) ϩ prednisolone (PRD); VP, VCR ϩ PRD; CHOP, CPA ϩ doxorubicin (DXR) ϩ VCR ϩ PRD; EPOCH, etoposide (VP-16) ϩ CPA ϩ DXR ϩ VCR ϩ PRD; Ara-C, cytocine arabinoside, l-ASP, asparaginase; MIT, mitoxantrone; ESHAP, VP-16 ϩ methylprednisolone ϩ Ara-C ϩ Cisplatin (CDDP); CHOP-E, CHOP ϩ VP-16; DeVic, dexamethasone ϩ VP-16 ϩ ifosfamide (IFO) ϩ carboplatin (CBDCA); PBSCT, peripheral blood cell transplantation; PR, partial response; CR, complete response; PD, progressive disease; HUS, hemolytic uremic syndrome; DOD, dead of disease; AD, alive with disease. antigens, such as CD5 and CD7 were lost in some cases (Figs. 5 and 6 ). Expression of CD56 was not seen in any case. CD15 and CD30 were also negative in all cases. Cytotoxic molecular markers, TIA-1, granzyme B (GrB) and perforin, were positively detected in all cases (Figs. 7-9) . EB virus was detected in the neoplastic cells of five cases (Case 2, 6, 9, 10 and 11) (Fig. 10) .
Immunohistochemical Findings and EB-Virus ISH
Serum levels of Cytokines
Serum levels of IFN-␥ and TNF-␣ were measured using the ELISA method in the clinical courses of Cases 9 and 11. In Case 9, a 76-year-old woman, the level of IFN-␥ was 0.9 IU/mL when lymphadenopathy was first revealed but lymphoma was not diagnosed based on her cervical lymph node biopsy. Ten months later, the IFN-␥ level became very high (126 IU/mL) with the diagnosis of cytotoxic T-cell lymphoma and DIC, whereas the level of TNF-␣ was within normal limits. In Case 11, a 72-year-old man, the level of IFN-␥ was normal in his initial disease, but increased to high level (107 IU/mL) with a recurrence of his lymphoma and HPS, whereas the level of TNF-␣ was low (10 pg/mL) although HPS was present.
DISCUSSION
We present here 11 nodal cytotoxic T-cell lymphomas having the CD3ϩ, CD4Ϫ, CD8ϩ phenotype and that highly expressed cytotoxic molecules perforin, GrB and TIA-1. Clinically these cytotoxic lymphomas were often accompanied with DIC and HPS, and the prognosis was poor, and occasionally fulminant. All of these lymphomas involved lymph nodes, and in eight of the 11 cases there was extranodal involvement with bone marrow, liver and CNS. Most T-cell lymphomas and NK cell lymphomas involve extranodal sites (36) of the skin, nasopharyngeal region and GI tract, but the involvement of theses sites was rare in the present 11 cases.
Morphologically, our nodal cytotoxic T-cell lymphoma were characterized by small cleaved-like cells (medium sized cells). These cells were also characteristic in the cases of nasal NK cell lymphoma (12, 37). According to Chan et al., such cells have elongated nuclei similar to small cleaved cells of B-cell lymphoma. But the small cleaved-like cells have dense chromatin in their nuclei and this finding can differentiate them from B-cell type small cleaved cells (37) .
Cytotoxic lymphocytes consist of CD8ϩ cytotoxic T-cells, CD4ϩ cytotoxic T-cells and NK cells (27, 32, 38) . These cytotoxic lymphocytes recognize and kill target cells with two different mechanisms. Fas-Fas ligand is thought to be the major pathway of CD4ϩ cytotoxic T-cells (23) . Perforin and effector molecules of granzymes and TIA-1 participate in the other mechanism used by CD8ϩ cytotoxic T-cells and NK cells (1, 4, 21, 22, 24) . The expression of perforin and GrB is also observed in CD4ϩ cytotoxic T-cells (27), but is rare in CD4ϩ PTCLs. Yamashita et al. showed that only one of 63 cases of CD4ϩ PTCLs was histochemically positive for GrB (33) . In our study of 155 cases with T-cell lymphomas, there were seven cases expressing cytotoxic molecules but not CD8ϩ. Of these seven cases, only one (a case of CD4ϩ Lennert's lymphoma) expressed the full range of cytotoxic molecules (TIA-1, GrB, and perforin). Of the other six of these seven cases, four cases of nodal CD4ϩ PTCLs and two cases of CD4ϩ cutaneous T-cell lymphomas expressed TIA-1 but not GrB and perforin.
Perforin forms pores on the target cell membranes, and effector molecules such as granzymes and TIA-1, enter the cytoplasm through the pore and then activate caspases, which results in cell apoptosis (1, 4, 21, 22, 24) . GrB is a serine protease and does not have cytolytic activity by itself, although DNA damage is observed when it is combined with a sublytic concentration of perforin. GrB is seen in activated cytotoxic T-cells or NK cells (28, 29) , whereas TIA-1 is expressed in either resting or activated cytotoxic T-cells, NK cells and myeloid cells such as granulocytes (1, 24, 31) . Expression of these cytotoxic molecules has been studied in many types of malignant lymphomas (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Such molecules are most frequently detected in extranodal T/NK cell lymphomas (5) .
Recently several studies have demonstrated the expression of TIA-1 and/or GrB in ALCLs. Kagami et al. studied 66 patients with cytotoxic molecules expressing nodal lymphomas (39) . They showed most of p80-positive ALCLs expressed TIA-1 but the rate of positivity for GrB was lower, whereas seven of large T-cell lymphomas were all positive for TIA-1 and GrB. Another study also showed that the expression of GrB was lower in ALCLs (40) . Yamashita et al. showed that Lennert's lymphoma was a variant of cytotoxic T-cell lymphoma because of the expression of TIA-1, but the expression of GrB was low, and the reason was probably because some cases of Lennert's lymphoma were derived from immature or inactive cytotoxic T-cells similar to ALCL or hepatosplenic ␥␦ lymphoma (41). Boulland et al. found that TIA-1 was expressed in all the lymphomas studied such as NK cell lymphoma, hepatosplenic ␥␦ lymphomas and PTCLs, regardless of the activation status of these lymphoma cells (39) . On the other hand, the expressions of perforin and granzymes were greatly increased in activated cytotoxic lymphomas, NK-cell lymphomas, nonhepatosplenic ␥␦ lymphomas and subcutaneous panniculitic T-cell lymphomas (42) . Although Boulland et al. showed that perforin and granzymes were expressed in only 33% of the cases of ␣␤ PTCLs, they were expressed in four out of five (80%) cases having the CD4Ϫ, CD8ϩ phenotype. The data in Table 4 show that the expressions of perforin and GrB were less positive in ALCL, hepatosplenic ␥␦ T-cell lymphoma and Lennert's lymphoma compared with CD8ϩ PTCLs, NK-cell lymphoma, nonhepatosplenic ␥␦ lymphoma, subcutaneous panniculitic T-cell lymphomas and our cases, whereas TIA-1 was highly expressed in almost all these lymphomas. In our study of 155 T-cell lymphomas, there were five cases of subcutaneous panniculitic T-cell lymphoma and two cases of enteropathytype intestinal T-cell lymphoma. And all these seven cases revealed the phenotype, CD8ϩ and the full range of cytotoxic molecules, such as nodal cytotoxic T-cell lymphomas. Subcutaneous panniculitic T-cell lymphoma is characterized by primary involvement of subcutaneous fat and is frequently accompanied with hemophagocytic syndrome. Kumar et al. showed that most (13 out of 16) subcutaneous panniculitic T-cell lymphomas were CD8ϩ, and that all 16 cases were positive for TIA-1 and perforin. And apoptosis was frequently observed and may be mediated by release of cytotoxic granule proteins (42) .
In contrast to subcutaneous panniculitic T-cell lymphoma and intestinal T-cell lymphoma, half (three out of six) of the CD8ϩ cutaneous PTCLs in our 155 cases expressed the full range of cytotoxic molecules. Two of six expressed only TIA-1 and another case did not express any cytotoxic molecules. All of 11 nodal cytotoxic T-cell lymphomas expressed perforin and GrB, and these are thought to be consistent with activated cytotoxic T-cells. The majority of the cytotoxic T-cell lymphomas with DIC and HPS in the initial disease were accompanied by high expressions of perforin and GrB.
In this study we divided 11 nodal cytotoxic lymphomas into two groups, a large cell type and a medium or mixed cell type. The prognosis of the former group is fulminant and resistant to conventional chemotherapy. Of seven cases of cytotoxic 
Gr B, granzyme B; Pf, perforin; ND, not done. large T-cell lymphoma examined by Kagami et al., five had a CD4Ϫ, CD8ϩ phenotype and two had a CD4Ϫ, CD8Ϫ phenotype (39) . Most of the seven cases had HPS and thus had a poor prognosis. Our first group resembled their cytotoxic large T-cell lymphoma, but the rate of EBV-positive cases was different. Kagami et al. showed that all of the seven lymphomas that they examined were positive for EBV and named the lymphomas "EBV-associated cytotoxic large T-cell lymphomas." However, the incidence of EBER-1 in our cases was lower (two of six cases were positive). Kagami et al. also reported two cases of EBV-associated CD8ϩ cytotoxic large T-cell lymphoma (43) . These two cases were quite fulminant and died with rapid progression of DIC. The second group of our nodal cytotoxic T-cell lymphomas was sensitive to conventional chemotherapy in their initial disease. The prognosis of this group was not so poor compared with the first group, but DIC or HPS appeared when their lymphomas had been relapsed or progressed, and the serum levels of IFN-␥ were increased, (but serum levels of TNF-␣ did not increase). A previous study of HPS in association with EBV-positive lymphoproliferative disorders has implicated both IFN-␥ and TNF-␣ as causative agents (35) . On the other hand, macrophage inflammatory protein-1␣ (MIP-1␣) and IFN-␥ (but not TNF-␣) were highly expressed in tissues of patients with HPS caused by EBV-associated T/NK cell lymphomas (44) . The second group of our cases resembles two cases of the CD4Ϫ, CD8ϩ phenotype in Kagami's report that were described as "node-based low-grade peripheral T-cell lymphoma." The CD4ϩ, CD8Ϫ phenotype lymphoma in the group was TIA-1 positive and GrB negative, whereas the CD4Ϫ, CD8ϩ phenotype was both TIA-1 and GrB positive.
In this report, we described nodal cytotoxic lymphomas that have the CD4Ϫ, CD8ϩ phenotype that express perforin and GrB, which are markers of activated cytotoxic T-cells. These lymphomas were frequently accompanied with DIC or HPS and the prognosis was poor. Most of the cases were resistant to conventional chemotherapy and high dose chemotherapy with stem cell rescue was needed. But it is difficult to continue high dose chemotherapy because of the damage to organs, such as liver and kidney, by cytotoxic proteins and cytokines. It was not clear whether nodal cytotoxic T-cell lymphoma was associated with EBV in this study. In conclusion, these CD4Ϫ, CD8ϩ nodal cytotoxic T-cell lymphomas originated from activated cyto- toxic T-cells and can be histologically and clinically distinguished from other peripheral T-cell lymphomas.
